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RESISTOR COMPOSITIONS j 
f^)<\ of Invention i 
i The invention relates to resistor 

cowpo@iti.one and especially to thick film resistor 
compositions. 

Background of the invention 

Thick film materials are mixtures of metal, 
10 metallic oxides, glass and/or ceramic powders 

dispersed in an organic medium. These materials, 
which are applied to nonconductive substrates to form 
conductive, resistive or insulating films, are used 
in a wide variety of electronic and light electrical 

15 components. 

The properties of such thick film 
compositions depend on the specific constituents of 
the compositions. Most of such thick film 
compositions contain three major components. A 

20 conductive phase determines the electrical properties 
and influences the mechanical properties of the final 
film. A binder, usually a glass and/or crystalline 
oxide, holds the thick film together and bonds it to 
a substrate, and an organic medium (vehicle) acts as 

25 a dispersing agent and influences the application 
characteristics of the composition and particularly 

its rheology* 

High stability and low process sensitivity 
are critical requirements for thick film resistors in 

30 microcircuit applications. In particular, it is 
necessary that resistivity (R av ) of a resistor be 
stable over a wide range of temperature conditions. 
Thus, the thermal coefficient of resistance (TCR) is 
a critical variable in any thick film resistor. 

35 Because thick film resistor compositions are 

comprised of a functional (conductive) phase and a 

1 
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permanent binder phase, the properties of the 
conductive and binder phases and their interactions 
with each other and with the substrate affect both 
resistivity and TCR. 

In the formulation of thick film resistor 
compositions for particular applications, it is often 
found that the TCB for the anticipated temperature 
range in use is too high and it therefore becomes 
necessary to increase or reduce the TCR in order that 
the resistivity not change too much over the 
operating range of temperature. It is well known in 
the thick film resistor art that additions of small 
amounts of various inorganic compounds will 
accomplish this. For example, in ruthenium-based 
resistors, it is known to employ for this purpose 
CdO. Nb 2 0 5 , Ti0 2 . Mn0 2 . Mn 2 0 3 , V 2 O s 
Nio. Sb 2 o 3 and Sb 2 0 5 . all of which are 
negative TCR "drivers"; that is, they reduce TCR. on 
the other hand, CuO is known ae a positive TCR driver 
in ruthenium-based resistors. 

In the usual formulation of resistors, it is 
found that negative TCR drivers lower TCR. but 
simultaneously raise resistivity. Conversely, 
positive TCR drivers raise TCR. but lower 
resistivity. More recently, U.S. 4,362,656 to 
Bormadaly discloses the use of various manganese 
vanadates as TCR drivers for ruthenium-based 
resistors which have the advantage that they reduce 
TCR with only modest increases in resistance. It is 
interesting to note, however, that heretofore there 
is no known instance of a positive BTCR driver which 
also raises resistance. Moreover, it would be highly 
advantageous to have a TCR driver system with which 
both low positive and negative TCR's might be 
obtained in a resistor composition without raising 
resistance too much. 
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Bf |^f p^acritition of the Invention 

The invention is therefore directed in its 
primary aspect to a resistor composition comprising 
5 an admixture of finely divided particles of (a) 
40-85% wt. conductive phase containing l-95t wt. 
aonprecious metal pyrochlore or precursive mixture 
thereof and 99-51 wt. Sn0 2 , (b) 60-15* wt- 
inorganic binder and (c) 0.0^-10* wt* metal chromate 
10 selected from the group consisting of CoCr0 4 
NiCrO^ and mixtures thereof, dispersed in (d) 
organic medium. 

In a secondary aspect, the invention is 
directed to resistor elements; made by (a) forming a 
15 patterned thin layer of the above-described 

dispersion on a substrate, (b) drying the layer of 
step (a), and (c) firing the dried layer of step (b) 
in a nonoxidizing atmosphere to effect volatilisation 
of the organic medium, decomposition of the metal 
20 chromate and liquid phase sintering of the inorganic 
binder and the conductive phase. 
p^i U^d Description of the Invention 
A. Conductive Phase 

The conductive phases which are useful in 
25 the composition of the invention are those described 
in U.S. Patent Application 6.N. 460,572, filed 
January 24, 1983. This application is incorporated 
herein by reference. 

Basically, the conductive phase is an 
30 admixture of the above-referred nonprecious metal 
pyrochlore and SnOj. The pyrochlore corresponds to 
the formula: 



35 
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x 

Y- 



Y l + Y 2 + Y 3 



i "-"'1/2 
0-0.55 
0-2 
0-2 

0-0.5 and 

2 



Analysis by x-ray indicates that the 
above-described compounds have pyrochlore-related 
structures. However, the precise nature of that 
pyrochlore-related structure has not been 
determined. Nevertheless, for purposes of 
convenience in referring to then, the terms 
"pyrochlore" and "pyrochlore-related compounds" are 
used interchangeably. 

The above-described nonprecious metal 
pytochlores can be made separately for addition to 
thick film resistor compositions or directly as a 
component of a conductive phase or a fully formed 
resistor material. 

The pyrochlore-related compounds 
(pyrochlores) by themselves are prepared by firing an 
admixture of finely divided particles of suO, Sn0 2 . 
and metal pentoxide at 500 to H00 6 c in a 
nonoxidizing atmosphere, A firing temperature of 
70O-1O00-C is preferred. 

A conductive phase suitable for the 
preparation of thick film resistors which contains 
the above-described pyrochlore can be made by two 
basic methods. In the fir6t. 1-95* wt. of the 
powdered pyrochlore is mixed with 95-1% wt. of 
powdered Sn0 2 and the admixture is fired to produce i 



a conductive phase, 
preferred . 



From 2-50% wt. of pyrochlore is: 
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in a second method for making the conductive 
phase, an admixture of finely divided SnO. Sn0 2 and 
metal pentoxide is formed in which the mole ratio of 
5 Bno to metal pentoxide ie 1.4-3.0 and the SnO z is 
the etoichiomettic excess of SnO and metal 
pentoxide. The Sn0 2 comprises 5-95% by wt. of the 
total oxides. ThiB admixture is then fired at 
600-llOO-C by which the pyrochlore is formed as one 
10 solid phase and excess Sn0 2 comprises the second 

phase of the fired reaction product. As in the case 
of making the pyrochlore by itself, the preferred 
firing temperature is 600-1000*C. 
B. jnoroani c Binder 
15 Glass frit is most frequently used as 

inorganic binder for resistors containing the 
above-described pyrochlore* and can be virtually any 
lead-, cadmium- or bismuth-free glass composition 
having a melting point below 900-C. Preferred glass 
20 frits are the borosilicate frits such as barium, 
calcium or other alkaline earth borosilicate frits. 
The preparation of such glass frits is well known and 
consists, for example, in melting together the 
constituents of the glass in the form of the oxides 
25 of the constituents and pouring such molten 

composition into water to form the frit. The batch 
ingredients may. of course, be any compound that will 
yield the desired oxides under the usual conditions 
of frit production. For example, boric oxide will be 
30 obtained from boric acid; silicon dioxide will be 
produced from flint; barium oxide will be produced 
from barium carbonate: etc The glass is preferably 
milled in a ball mill with water to reduce the 
particle eize of the frit and to obtain a frit of 
35 substantially uniform size. 



5 
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Particularly preferred- glass frits for use 
in the resistor compositions of the invention are 
those Bi- fl Cd- and Pb-free frits comprising by mole% 
10-50% 6i0 2 , 20-60% 10-35% BaO, 0-20% 



CaO e 



0-15* MgO. 0-15% NiO, 0-15% Al^, 0-5% 



Sn0 2 „ 0*7% Zr0 2 and Q~S% of a metal fluoride in 
which the metal is selected from the group consisting 
of alkali metals, alkaline earth metals and nickel, 
the mole ratio 



B 2°3 + A1 2°3 



Si0 2 + Sn0 2 



is 0.8-4, 



zno. 



the total of BaO t CaO, HgO, NiO and CaF 2 is 5-50 
mole % and the total of AljOj, * 2 °Z 9 sl0 2' 
Sno 2 and Zr0 2 is 50-85 mole % (preferably 60-85 
mole %) . Such glasses are particularly desirable 
because in combination with the above-described 
pyrochlores, they yield very highly positive hot 
TCH'e at high resistance levels. 

Other glasses which are especially suitable 
for use with pyrochloree of the type used in this 
invention include the cobalt-containing glasses of 
corresponding U.S. Patent Application S.N. (EL-0179) 
and the nickel-containing glasses of corresponding 
U.S. Patent Application S.N- (EL-01B0). both of which 
have been filed concurrently herewith. 

The glasses are prepared by conventional 
glassmaking techniques by mixing the desired 
components in the desired proportions and heating the 
mixture to form a melt. As is well known in the art, 
heating is conducted to a peak temperature and for a 
time such that the melt becomes entirely liquid and 
homogeneous. In the present work, the components are 
prefixed by shaking in a polyethylene jar with 
plastic balls and then melted in a platinum crucible 
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at the desired t*P««««- Th " » elt 16 h * atCd at * 
peak temperature of llOO-1400-C for a period of 
1-1-1/2 hours. The melt Is then poured into cold 
water. The maximum temperature of the water during ^ 
wenching is Kept a, low as possible by increasing 
the volume of water to melt ratio. After separation 
from water the crude frit is freed of residual water 
by drying in air or by displacing the water by 
ringing with methanol. The crude frit is then ball 
milled for 3-15 hours in alumina containers using 
alumina balls. Alumina picked up by the materials. 
If any, is not within the observable limit as 
measured by x-ray diffraction analysis, 

After discharging the milled frit slurry 
from the mill, excess solvent is removed by 
decantation and the frit powder is air dried at room 
temperature. The dried powder is then screened 
through a 325-mesh screen to remove any large 

20 particles. 

The major two properties of the frit are 
that it aids the liquid phase sintering of the 
inorganic crystalline particulate materials and forms 
noncrystalline (amorphous) or crystalline materials 
2S by devitrification during the heating-cooling cycle 
(firing cycle) in the preparation of thick film 
resistors. This devitrification process can yield 
either a single crystalline phase having the same 
composition as tne precursor noncrystalline (glassy) 
material or multiple crystalline phases with 
different compositions from that of the precursor 

glassy material. »,.;.,- 
A particularly preferred binder composition 

for the pyrochlore-containing resistors of the 

invention is comprised of 95-99.9% by weight of the 

above described bismuth-, cadmium- and lead-free 



30 



35 
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glass and 5-0-1% wt*, of a metal fluoride selected 
from the group consisting of CaF 2 , BaF 2 * MgFg, - 



SrP 2 NaF fl UF, KF and NiF^ 



The use of such 
S metal fluorides with: the frit produces a decrease in 
resistance of the resistors made therefrom. 
C. Metal Chromate 

The Metal chromates suitable for the 
invention are CoCr0 4 and NiCrO^ and mixtures 
10 thereof* These materials with suitable purity are 
quite soft and are readily reduced in else by the 
normal milling which is used to manufacture thick 
film compositions. Thus, the chromates can be added 
having whatever particle size is available and can be 
15 added directly to the paste formulation without prior 
milling. 

The advantages of the metal chromate in the 
composition of the invention are threefold: (1) it 
permits precise blending of both positive and 

20 negative low-TCR pastes: (2) either the material 
iteelf or its decomposition products appear to 
catalyze decomposition of the organic medium; and (3) 
it is relatively inexpensive. With respect to the 
catalytic effect, it is possible that the chromate is 

25 decomposed during firing to either CoO or NiO and 
Cr ? 0 3 with the concoaitant release of oxygen from 
the particles. The metal oxide is believed to 
present catalytically active surfaces which aid 
oxidation of the organic medium, which is further 

30 aided by the release of oxygen from the decomposition 
of the chromate. 

The amount of metal chromate (e) in the 
resietor composition will ordinarily be 0.01*5* wt. 
of the total solids excluding organic medium. At 

35 least 0.01% is needed to get a discernable effect, 
but more than 5* wt. must be avoided lest the HTCR of 
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9., 

the compositions be too . highly.. negative. 
Concentrations of 0=05-2.5* wt. are preferred. 
Compositions which utilise such metal chromatee 
S within these ranges have the further . advantage that 
they are quite clear of staining, which is a further > 
indication of their possible catalytic effect. 
D nrga pic Medium 

The main purpose of the organic medium is to 
10 serve as a vehicle for dispersion of the finely 

divided solids of the composition in such form that 
lt can readily be applied to a ceramic or other 
eubstrate. Thus, the organic medium must firet of 
al l b e one in which the Bolide are diBperaible with 
15 an adequate degree of stability. Secondly, the 

rheological properties of the organic medium must be 
Btt ch that they lend good application properties to 

the dispersion. 

Most thick film compoBitions are applied to 
20 a substrate by means of screen printing. Therefore, 
they must have appropriate viecosity bo mat they can 
be paBsed through the screen readily, in addition, 
they should be thixotropic in order that they set up 
rapidly after being screened, thereby giving good 
2S resolution. While the rheological properties are of 
primary importance, the organic medium is preferably 
formulated also to give appropriate wettability of 
the solids and the substrate, good drying rate, dried 
film strength sufficient to withstand rough handling 
30 and good firing properties. Satisfactory appearance 
of the tired composition 1b also important. 

in view of all these criteria, a wide 
variety of inert liquids can be used as organic 
medium. The organic medium for most thick film 
35 compositions is typically a solution of resin in a 
solvent and frequently a solvent solution containing 
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both resin and thixotropic agent- The solvent 
usually boilB within the range of 130-350 9 C 

By far the most frequently used resin for 
this purpose ie ethyl cellulose. However, resins 
such as ©thylhydroxyethyl cellulose, wood rosin* * 
mixtures of ethyl cellulose and phenolic resins, 
polymethacrylates of lover alcohols, and monobutyl 
ether of ethylene glycol monoacetate can also be used. 

The most widely used solvents for thick film 
applications are terpenes such as alpha- or 
beta-terpineol or mixtures thereof with other 
solvents such ae kerosene, dibutylphthalate, butyl 
carbitol, butyl carbitol acetate, hexylene glycol and 
high boiling alcohols and alcohol esters. Various 
combinations of these and other solvents ace 
formulated to obtain the desired viscosity and 
volatility requirements for each application. 

Among the thixotropic agents which are 
commonly used are hydrogenated castor oil and 
derivatives thereof and ethyl cellulose. It is, of 
course , not always necessary to Incorporate a 
thixotropic agent since the solvent/resin properties 
coupled with the shear thinning inherent in any 
suspension may alone be suitable in this regard. 

The ratio of organic medium to solids in the 
dispersions can vary considerably and depends upon 
the manner in which the dispersion 1b to be applied ! 
and the kind of organic medium used. Normally, to 
achieve good coverage, the dispersions will contain 
complementally by weight €0-90% solids and 4O-l0\ 
organic medium. Such dispersions are usually of 
semifluid consistency and are referred to commonly as 
"pastes". 

pastes are conveniently prepared on a 
three-roll mill or rauller. The viscosity of the 



10 
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pastes is typically within the. following ranges when 
measured at room temperature on Brookfield 
viscometers at low. moderate and high shear rates s 

* Shear Rat e (Sec" ) visc osity fPa.s) 



15 



?0 



?5 



30 

i 



35 



0.2 100-SQOO 

300-2000 Preferred 

600-1500 Most Preferred 

4 40-400 

10 100-250 Preferred 

140-200 Most Preferred 

384 7-40 

10-25 Preferred 

12-18 Most Preferred 



The amount and type of organic medium (vehicle) 
utilized is determined mainly by the final desired 
formulation viscosity and print thickness « 
E. rftry^lnlPJi ajid Application 

In the preparation of the composition of the 
present invention, the particulate inorganic solids 
are mixed with the organic medium and dispersed with 
suitable equipment such as a three-roll mill or 
muller to form a suspension, resulting in a 
composition for which the viscosity will be in the 
range of about 100-150 Pa. a at h shear rate of 4 
sec' 1 . 

In the examples which follow, formulation 
was carried out in the following manner . The 
Ingredients of the paste, minus about 5% wt. of the 
estimated organic components which will be required, 
are weighed together in a container, The components 
are then vigorously mixed to form a uniform blend; 
then the blend is passed through dispersing equipment 
such a b a three-roll mill to achieve a good 
dispersion of particles. A Hegmaa gauge is used to 
determine the state of dispersion of the particles in 



11 
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the paste. This instrument consists of a channel, in 
a block of steel that is 25 m aeep (1 mll) 0n ^ ne 
and and ramps up to 0- depth at the other end. A 
blade is U8 ed to draw down paste along the length: of 
the channel. Scratches will appear in the channel • 
where the agglomerates- diameter is greater than the 
channel depth. A satisfactory dispersion will give a 
fourth scratch point of 10-1B um typically. The 
Point at which half of the channel is uncovered with 
a well dispersed paste is between 3 and a um 
typically. Fourth scratch mea B urement of 20 w and 
"half-channel- measurements of 10 um indicate a 
poorly dispersed suspension. 

The remaining 5* of the organic components 
of the paste is then added and the resin content of 
the paste is adjusted to bring the viscosity when 
fully formulated to between 140 and 200 Pa. s at a ' 
shear rate of 4 sec- 1 . 

The composition is then applied to a 
substrate such as alumina ceramic, usually by the 
Process of screen printing, to a wet thickness of 
about 30-ao microns, preferably 35-70 microns and 
»ost preferably 40-50 microns. The electrode 
compositions of this invention can be printed onto 
the substrates either by using an automatic printer 
or a hand printer in the conventional manner 
Preferably automatic screen stencil techniques are 
employed using a 200- to 325-mesh screen. The 
printed pattern is then dried at below 200-c. e.g 
about 150-c. for about 5-15 minutes before firing." 
Firing to effect sintering of both the inorganic 
binder and the finely divided particles of metal is 
preferably done in a well ventilated belt conveyor 
furnace with a temperature profile that will allow 
burnout of the organic matter at about 3Q0-600'C, a 
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period of maximum temperature of. about aoo-95o«c 
lasting about S-15 minutes, followed by a controlled 
cooldown cycle to prevent over sintering, unwanted 
5 chemical reactions at intermediate temperatures, or 
substrate fracture which can occur from too rapid 
cooldown. The overall firing procedure will 
preferably extend over a period of about l hour, with 
20-25 minutes to reach the firing temperature, about 
10 10 minutes at the firing temperature and about 20-25 
minutes in cooldown. In some instances, total cycle 
times as short as 30 minutes can be used. 
P- Sample Pr eparation 

Camples to be tested for temperature 
15 coefficient of resistance (TCB) are prepared as 

follows: A pattern of the resistor-formulation to be 
tested is screen printed upon each of tea coded 
Alsimag 614 1 x i- ceramic substrates and allowed to 
squilibrate at room temperature and then dried at 
20 1S0-C. The mean thickness of each set of ten dried 
films before firing must be 22-26 microns as measured 
by a Brush Surf analyzer . The dried and printed 
substrate is then fired for about 60 minutes using a 
cycle of heating at 35«c per minute to 900*c. dwell 
25 *t 900-C for 9 to 10 minutes and cooled at a rate of 
about 30-C per minute to ambient temperature. 
G * Besistance Meae mement and Calp.nl atlone 

Substrates prepared as described above are 
mounted on terminal posts within a controlled 
30 temperature chamber and electrically connected to a 
digital ohm-meter. The temperature in the chamber is 
adjusted to 25*C and allowed to equilibrate, after 
which the reelstance of each substrate is measured 
and recorded. 

35 The temperature of the chamber is then 

raised to 125*C and allowed to equilibrate, after 
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Which che resistance of the substrate is again 
measured and recorded. 

The hot temperature coefficient of 
resistance (HTCH) is calculated as follows 



Bot TCH . B ^25«C - B 2i;o/ 



R, 



x (10,000) ppm/°C 
and Hot TCR are 



values ace normalized to 25 



•25 "c 
The values of R. 
averaged and R 2g 

microns dry printed thickness and resistivity'is = 
reported as ohms per square at 25 microns dry print 
thickness. Normalization, of the multiple test values 
is calculated with the following relationship: 
Av *' measured Ava. drv orini- 

SffiUS! - ^ ' tfS - ' 

25 microns 
H ' SSLBUjjSlS Sl aUa£ iaflge 

The coefficient of variance (CV) is a 
function of the average and individual resistances 
for the resistors tested and is represented by the 
relationship o7R av . wherein 



1 



£1 



<V B av>' 



R 



av 



n 

CV 



n~l 

Measured resistance of individual 
sample 

Calculated average resistance of 

all samples (E^/n) 

Number of samples 

g_ x 100 (\) 

R av 



35 



EXAMPLES 
Preparati on of ci ap « gjcit 

in the examples which follow, the glass frit 
compositions listed in Table i below were made by the 
above described procedure. All were single phase 
glasses with no secondary phases present. 

14 



PAGE 62/73 * RCVD AT 2/17/2004 3:58:45 PM [Eastern Standard Time] » SVMSPTMFXRMJ27 * DNIS:2731319 * CSID: » DURATION (mm-ss):18-28 



FEB. 17. 2004 5:1 8PM NO. 0111 "P. 19/ 

• j 

w 0146120 

TABLB 2j 
GLASS COMPOS TY IONS fn>m» ^ 

T Ti III 

18. S 20.0 19.8 
9.5 

10.0 5.0 
5.0 

37.0 45.0 45,1 
32.5 23.0 23.1 




2.5 



2.0 2.0 



Preparation of Conductive Phase 
20 A tantalum tin pyrochlore composition 

corresponding to the formula 

S ^!75 Ta 1.75 SD 2T25 0 6.62S 



was prepared by ball milling 71.42 g of snO, 117.16 g 
25 of Ta 2°5 and 11 -* 2 of 6n0 2 using water as a 
dispersing nedium. Upon completion of thorough 
mixing, the admixtures were dried and placed in 
alumina crucibles and heated in a furnace containing 
a nonoxidizing (Nj) atmosphere. The mixtures were 
then heated for 24 hours at B72*c + 10°C to form the 
pyrochlore. The preparation and use of such 
pyrochlores is described in applicant's copending 
U.B. Patent Application S.N. 460,572, filed January 
24. 1983. 

A 100~gram quantity of the above described 



30 
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pyrochlore was then combined with purified Sn0 2 and 
ball milled for one hour using distilled water as a 

15 
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liquid milling medium. Upon completion of baU hm 
mixing, the mixtures of pyroehiore and SnO werei 
Placed in a nitrogen furnace and tired for 24 hours 
at 670 ± io" C „ The conductive phase material 
Prepared in this manner was then used to formulate a' 
thick film resistoc paste having the composition! 
given above. 
Bxamp^ftg T-n 

Using the three glasses described in Table 
l. a basic thick fU. resistor paste was formulated 



15 



Conductive Phase 


49.00* wt. 


Glass I 


17.37 


Glass II 


5.19 


Glass III 


2.20 


CaF 2 


0.24 


Organic Medium 


26.00 



20 " paste was then divided into e 

parts by weight and either CoCrO or NicrO was 
admixed into all but one in the indicated imounts ■ 
In addition, further quantities of the compositions 
comprising blends of the paste of Examples 5 and 9 
and of Examples 6 ano 10 . respectively, were tested 
to determine the effect of using mixtures of the two 
chromates. The compositions of the thick film 
resistor pastes and the electrical properties of the 
fired resistors prepared therefrom are given in 
Table 2. which follows: 
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Baeic Paste 

C0Ct0 4 

MiCro 4 

CV R (*) 

HTCB av (pp m /» C j 
*HTCR(PP*/*C) 



100. 00 



102.54 
1.88 
+72.4 

+3.8 



134.15 
5.51 
+66.2 

±6.5 



Exan"H» [f rt , 

Baeic Pact* 

C0Ct0 4 

NiCt0 4 

Begiator Ptop,,^ 

RavCtfl/o/aii) 
*HTCR{PPm/«C) 



(continued) 

- 3 



99.75 
0.25 



99.50 
0.50 



145.48 
3.63 
+69.1 
±1.9 



216.61 
3.70 
+61.7 
+4.7 
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*4kliLXccp.ptAnyed,> 

fiSfiEfilltion 
Basic Paste 
CoCro 4 
NiCro 4 

RayUO/n/inii) 
CVr(*) 

a HTCR(Ppm/»C) 




32S. 50 
1.7B 
+103. I 
±2.6 



Basic Paste 
CoCro 4 
NiCro 4 

H av(tO/o/ijiii) 
c Vh(%) 

^CRavfPPm/^c) 
"HTCRCPpny-C) 



Sa&ia-i (continued) 



426. Q8 
2.77 
+128 . 3 
+4.3 




535.81 
4.34 
+155.8 
±3.6 



0.50 

146.38 
4.37 

+ 55.7 
±6.2 
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_z (continued) 




p a. a in vi l n nu « 


? 






(% Wt 


•) 


flaSIC Fast© 


99.00 


98.00 


A ^pi _ 








2 . 00 


. 2.00 


Resifitor Prot>erti^s 






B av (kfJ/D/Miil) 


176.78 


279.70 


CV R (*) 


4.54 


2.64 






lata J- 

-143 .6 




±2.3 


±10. 6 




? (continued) 




Example No. 


(\ vt. 




Basic Paste 


99.00 


98.00 


COCTU4 


0.50 


1.00 




0.50 


1.00 








B av (kO/o/mil) 


294.29 


350.60 




4.20 


1.63 


BTCa aV (pptt/»C) 


+50.9 


+9.5 


«'HTCRfPP ,, » / ' c ) 


+8.7 


+4.6 


50/50 admixture 


of Examples S and 


9 


50/50 admixture 


of Examples 6 and 


10 
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The foregoing data ehov that, unlike other 
TCR drivers, both the CoCrO, and NiCrO, are 
effective over a wide range of concentrations to 
maintain low HTCB values for pyrochlore resistors* 
Nevertheless at the same time B they raise the 
resistance of the composition© only slightly. 
Example 10 shows that higher concentrations of 
JJiCx0 4 can be used to obtain negative HTCR values. 
In addition, Examples 11 and 12 show that mixtures o 
CoCr0 4 and KiCr0 4 are similarly effective and 
give HTCR values intermediate to those obtained by 
the materials when each is used as the sole TCR 
driver. 
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4. 

S. 

6. 
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CLAIMS 

A thick film resistor composition comprising an 
admixture of finely divided particles of (a) 
40-85% wt. of a conductive phase consisting 
essentially of 1=95% wt. of a pyrochlore 
corresponding to the formula: 
_+ 



Sn 



2 



Ta Y Nb v 
« 3 i 2 

X 

y 



Y, -f Y- + Y„ 



SnJ o 



1 7 -^l/2 
0-0.55 
0-2 
0-2 

0-0.5 and 
2 



wherein 



or precursive mixtures thereof and 99-1* wt. 
SnOjj <b) 60-15* wt. inorganic binder, and (3) 
0.05-10% wt. CoCr0 4 , NiCt0 4 or mixtures 
thereof, dispersed in (d) inorganic medium. 
The composition of claim 1 in which (a) is 60-ao% 
Wt., (b) is 40-20% wt. and (c) is 0.05-2.5% Wt. 
The composition of claim 1 in which the 
conductive phase contains 2-50% wt. pyrochlore 
and 90-50% wt. Sn0 2 . 

The composition of claim 1 in which Y 2 - 0. 
The composition of claim 1 in which the chromate 
comprises 0.05-2.5% wt. of the solids. 
A resistor element made by (a) forming on a 
substrate a patterned thin layer of the 
composition of claim 1; (b) drying the layer of 
step (a); and (c) firing the dried layer of step 
(b) in a nonoxidizing atmosphere to effect 
volatilisation of the organic medium, 
decomposition of the metal chromate and sintering 
of the inorganic binder and the conductive phase. 
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